ABSTRACT . We examined the relationship between natural killer (NK) cell-mediated cytotoxicity, the produced active-oxygen and cytotoxic factor (CF) release in co-culturing canine NK cells with tumor cells (CL-1 target cells). In co-culturing, the adding of n-propyl gallate (active-oxide scavenger) removed the produced active-oxygen, which inhibited NK cell-mediated cytotoxicity and the CF release. Moreover, adding of this agent inhibited the tyrosine phosphorylation of NK intracellular protein which observed in co-culturing. Therefore, the active-oxygen produced from canine NK cells are thought to relate the signal transduction in NK-mediated cytotoxicity.-KEY WORDS: active-oxygen, canine, NK.
Chemical Co., Tokyo, Japan) was prepared as active-oxide radical scavenger [13] . This agent were dissolved in distilled water, and stored at 20°C. The detection of tyrosine-phosphorylated proteins of NK cells (1 × 10 7 /ml) cultured with CL-1 cells (1 × 10 5 /ml), or with CL-1 cells and n-propyl gallate for 1 hr, was based on the previously reported method of Fujiwara and Takeuchi [7] . These tyrosine-phosphorylated proteins were detected by Western blotting with anti-phosphotyrosine antibody (RC20H; Sigma Transduction Lab., Lexington, U.S.A.) [7] .
In co-culturing, the adding of n-propyl gallate (activeoxide radical scavenger) dose-dependently removed the produced active-oxygen, which inhibited NK cell-mediated cytotoxicity and the CF release ( Figs. 1 and 2 ). The reduction of active-oxygen induced by n-propyl gallate was linearly correlated with the decrease in NK-mediated cytotoxicity and CF release, with a correlation coefficient of 0.98. It was previously demonstrated that the produced active-oxygen and CF release are linearly correlated with canine NK activity [17, 18] , whereas the active-oxygen, especially hydroxyl radicals, may be strongly related to human and mouse NK-mediated cytotoxicity [8, 13, 25, 30] . Therefore, the active-oxygen produced from NK cells may be strongly related to NK-mediated cytotoxicity. However, this active-oxygen produced from NK cells may not directly induce target cell lysis [31] . The exact role(s) of activeoxygen in NK-mediated cytotoxicity have not yet been elucidated. Helfand et al. [8] and Matsumoto et al. [16] reported that the binding of target cells to NK cells leads to a CL response within seconds of target-effector interaction. When NK cells contact target cells, luminol-dependent CL occurs via free active oxygen produced from NK cells [8, 13, 16, 25] . We previously demonstrated that CF release from canine NK cells was induced after active-oxygen production [17] [18] [19] . It was reported that active-oxygen may Recently, many investigators have reported various actions of active-oxygen [2, 10, 20, 21, 27, 28] . High levels of active-oxygen cause irreversible damage to DNA, proteins and lipids [1] . Conversely, low levels of active-oxygen induces the multiplication and activation [20, 27, 28] , expression of adhesion molecules [21] , and production of cytokine in cells [2, 10] . In canine natural killer (NK) cells, it has already been demonstrated that they release cytotoxic factor (CF) in culture supernatant, and that active-oxygen produced from them is related to NK-mediated cytotoxicity [17, 18] . However, in NK-mediated cytotoxicity, these actions of this active-oxygen have not been determined. We examined the relationship between canine NK cell-mediated cytotoxicity, the produced active-oxygen and release in coculturing canine NK cells with tumor cells.
Effector cells (NK cells) were derived from clinically healthy three to four-year-old male and female dogs, which were prepared as previously described [3, 12, 15, 17, 18] . CL-1 cells derived from canine leukemia were used as canine NK-sensitive tumor target cells (%cytotoxicity=44 ± 13.9) [13] . The viability of CL-1 cells was confirmed by trypan blue exclusion test [22] . The E:T ratio was 2.5:1 in cytotoxic assay ( 51 Cr release assay). The CF was collected according to the method of Reiter et al. [23] which was modified by Kosaka et al. [14] . Briefy, 1 × 10 5 /ml target cells were co-cultured with 1 × 10 6 /ml effector cells. After incubation for 4 hr, the culture supernatant was collected by centrifugation and used as CF samples. These samples were used at a final 1:5 dilution in cytotoxic assay. Activeoxygen was measured by chemiluminescence (CL) assay. In the CL assay, E:T ratio was 2:1. The cytotoxic and CL assays were previously described in detail [13, 18, 23, 24] . The percent cytotoxicity was calculated by the standard formula [14, 24] , and expressed as the mean value of quadruplicate cultures. n-Propyl gallate (Wako Pure Fig. 1 . Dose-response effect of n-propyl gallate on NK-mediated cytotoxicity ( ) and active-oxygen ( ).
CL-1 target cells were co-cultured with canine NK cells at an E/T ratio of 2.5:1 or 2:1 in the presence of n-propyl gallate. Natural cytotoxicity and produced active-oxygen were measured by 51 Cr release and CL assays as described in text. Each point was obtained from three or four independent experiments. Short vertical bars represent the mean standard deviation. Fig. 2 . Dose-response effect of n-propyl gallate on CF release ( ) and active-oxygen ( ). CL-1 target cells were co-cultured with a 1:5 dilution of CF, or with canine NK cells at an E/T ratio of 2:1. See Fig.1 for an explanation of each point.
stimulate the release of various intracellular factors [2, 10, 20, 27, 28] . In NK-mediated cytotoxicity, after conjugate formation, the next interaction appears to involve the triggering or activation of intracellular processes in NK cells, leading to the rearrangement of cytoplasmic granules which may contain CF [9, 4] . Saksela et al. presented evidence of this rearrangement after the binding of target cells [26] , and Dennert et al. reported similar findings [6] . Recently, it was reported that active-oxygen induced tyrosine phosphorylation, which is an important early signal in intracellular information communication systems [20, 27] .
Various biochemical changes are observed in cells which are activated by external stimulation. Tyrosine phosphorylation of intracellular proteins is the earliest induced changes [5] . Many of these phosphorylated proteins play a central role in signal transduction and activation of cells [5, 11, 29, 32, 33] . Little is known about the mechanism of cellular degranulation or various factors release induced by the activation of cells. In NK cells, it has been demonstrated that the binding of adhesion molecules (CD16, CD2 and Integrins, etc.) to NK cells, and regands to target cells, induce tyrosine phosphorylation of NK intracellular proteins, followed by the release of cytoplasmic granules from NK cells [29, 32, 33] . In eosinophils, Kato reported that tyrosine phosphorylation of intracellular proteins was important in eosinophil degranulation [11] . Moreover, we examined whether the co-culturing with CL-1 target cells could induce tyrosine phosphorylation of canine NK intracellular protein, and the adding of n-propyl gallate could inhibit this condition. Canine NK intracellular proteins co-cultured with CL-1 target cells showed remarkable tyrosine phosphorylation, which inhibited by adding of n-propyl gallate (Fig. 3) . Therefore, the active-oxygen produced from canine NK cells in NK-mediated cytotoxicity, are thought to relate the signal transduction in canine NK-mediated cytotoxicity, especially, the induction of CF release.
